Objective: This study aimed to assess the impact of the surgeon's and hospital's experience on the outcomes of open surgical repair (OSR) and endovascular aneurysm repair (EVAR) of intact and ruptured abdominal aortic aneurysms (AAAs) in New York State.
Results: A total of 18,842 patients underwent AAA repair by a vascular surgeon. For intact AAAs (n ¼ 17,118), 26.2% of patients underwent OSR and 73.8% underwent EVAR. For ruptured AAAs (n ¼ 1724), 63.9% underwent OSR and 36.1% underwent EVAR. After intact AAA repair, OSR adjusted outcomes were significantly influenced by the surgeon's annual volume but not by the facility's volume or the surgeon's age. The lowest volume providers (1-4 OSRs) had higher in-hospital mortality rates than high-volume (>11 OSRs) surgeons (adjusted odds ratio, 1.87 [95% confidence interval, 1.1-3.17]). Low-volume providers also had higher odds of major complications (1.23 [1-1.51]). For patients with intact AAA undergoing EVAR, mortality was higher at low-volume facilities (2.6 [1.3-5.3] and 2.7 [1.5-4.8] for <33 EVARs and 34-81 EVARs, respectively). After OSR for ruptured AAA, treatment at a low-volume facility (<9 OSRs for ruptured AAA) was associated with greater mortality than at high-volume (>27 OSRs for ruptured AAA) centers (1.56 [1.02-2.39]), whereas lowvolume physicians (<4 OSRs for ruptured AAA) had higher odds of major complications (1.58 [1.04-2.41]). In the case of EVAR for rupture, there were no characteristics of the hospital or surgeon significantly associated with poorer outcomes.
Conclusions: For intact AAA, the surgeon's volume was an important factor for OSR outcomes, whereas low facility volume was associated with worse outcomes after EVAR. For ruptured AAA, low-volume surgeons and low-volume facilities had worse outcomes after OSR but not after EVAR. The interaction between the surgeon's volume and the hospital's volume is complex and varies on the basis of the acuity of presentation and treatment modality. (J Vasc Surg 2017; 66:728-34.) Numerous studies have delineated the inverse relationship between surgical mortality and hospital volume for common surgical procedures. [1] [2] [3] The observation that surgical outcomes are superior at higher volume facilitiesdparticularly for complex proceduresdhas led to policy initiatives (eg, Leapfrog), supported stakeholders' calls for regionalization, and certainly influenced referral patterns. 4 Prior efforts to examine the impact of the provider's and facility's volume on the outcomes of abdominal aortic aneurysm (AAA) repair have generally confirmed that outcomes are superior when surgery is performed at high-volume centers. [5] [6] [7] [8] To date, the most substantial research has focused specifically on the hospital's annual volume-outcome relationship for elective, open surgical repair (OSR) of AAAs. There is also accrued evidence to suggest that highvolume providers (particularly those at high-volume facilities) have superior outcomes in this context. However, whether these observations can be directly extrapolated to endovascular aneurysm repair (EVAR)dor ruptured AAA repairdin the modern (ie, endovascular) era is less clear.
Furthermore, the relative importance of various characteristics of the provider, including overall experience, annual volume, and specialty, has yet to be carefully studied. The objective of this study was to assess the impact of a surgeon's and hospital's experience on the outcomes of OSR and EVAR of intact and ruptured AAAs in New York State.
METHODS
Data source and study population. We used New York State Department of Health Statewide Planning and Research Cooperative System (SPARCS) data for the analyses. Established in 1979, SPARCS is an all-age-group, all-payer database that collects patient and treatment information for every hospital discharge, ambulatory surgery, outpatient service, and emergency department admission in New York State and has been used in a number of impactful investigations. 9 The data contain characteristics of patients, primary and secondary diagnoses and procedures, and length of stay and charges. By use of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes, patients undergoing EVAR (ICD-9-CM 39.71) and OSR (ICD-9-CM 38.44, 38.45) for AAA performed by vascular surgeons between 2000 and 2011 were identified. Patients with ruptured AAA were further identified with ICD-9 diagnosis code 441.3. For the purpose of the study to look at characteristics of the physician, only EVARs and OSRs performed as principal procedures during the hospitalization were included. Patients included in the analysis of intact AAA had elective admission, whereas patients included in the analysis of ruptured AAA had emergency or urgent admission.
Patient characteristics, provider characteristics, and outcomes. Characteristics of the patients included age (<65, 65-74, and $75 years), gender, race (white and nonwhite), insurance status (Medicare, Medicaid, commercial, and other), and comorbidities. Relevant comorbidities were identified using algorithms validated by Elixhauser et al. 10 Institutional Review Board approval was obtained under the auspices of an ongoing protocol for outcomes research using this deidentified data set, and informed consent was deemed unnecessary for this study.
Characteristics of the providers included years since graduation from medical school, surgeon's annual volume, and facility's annual volume. The physician's graduation year was determined by linkage to the New York Office of Professions and National Provider Identification databases and used to calculate years from graduation. Annual volumes of surgeons and facilities for each permutation of AAA repair were calculated. The Recommendation:
The authors suggest that both the surgeon's volume and the facility's volume can affect outcome of AAA repairs in different clinical scenarios on the basis of the acuity of the presentation and the treatment modality.
years since graduation and the physician's and hospital's volumes were then categorized into tertiles.
Outcomes of the study were 30-day mortality and 1-year mortality.
Statistical analyses. EVAR and OSR for intact and ruptured AAAs were evaluated separately. Events and percentages were presented for characteristics of the patients and providers for each procedure group.
Distinct hierarchical logistic regression models for EVAR and OSR for intact and ruptured AAAs were created to adjust for the patient's comorbidities and to evaluate the impact of the surgeon's and hospital's experience on outcomes. Generalized linear mixed models, with random effects on both facility and surgeon levels, were used. The provider's years in practice as well as the annual volumes of the facility and provider are examined in tertiles. Adjusted odds ratios and 95% confidence intervals are presented, and the highest tertile was used as reference level. All analyses were performed using SAS v9.3 (SAS Institute, Cary, NC).
RESULTS
Intact AAA repair. A total of 18,842 patients underwent AAA repair by a vascular surgeon. For intact AAAs (n ¼ 17,118), 26.2% of patients underwent OSR and 73.8% underwent EVAR. Patients undergoing EVAR were more likely to be older than 75 years (52.7% vs 41.4%; P < .001) and male (80.3% vs 72.9%; P < .001). Detailed data of the demographics and comorbidities of patients undergoing intact aneurysm repair are shown in Table I . Characteristics of the providers, including the surgeon's annual volume, the facility's annual volume, and years since medical school graduation, are shown in Table II , by tertile.
Fig 1 details unadjusted 30-day mortality rates for elective AAA repair by the surgeon's experience and volume. Providers in the lowest tertile of years since medical school graduation (<17 years, or roughly the first 10 years of surgical practice, accounting for some variation in duration of surgical training) had a 2% mortality after elective EVAR compared with 1.2% 30-day mortality observed among patients of the most experienced providers (odds ratio, 1.9 [1.3-2.7]). The 30-day mortality was also lowest at the highest volume facilities (1.3% vs 1.7%), with higher odds of mortality at the mid volume (1. (Table III) . After ruptured AAA repair, OSR adjusted outcomes were significantly influenced by the surgeon's annual volume but not by the facility's volume or the surgeon's age. The lowest volume providers (1-4 OSRs) had higher in-hospital mortality rates than high-volume (>11 OSRs) surgeons (1.87 [95% confidence interval, 1.1-3.17]). Low-volume providers also had significantly higher odds of major complications (1.23 [1-1.51]). After OSR for ruptured AAA, treatment at a low-volume facility (<9 OSRs for ruptured AAA) was associated with greater mortality than at high-volume (>27 OSRs for ruptured AAA) centers (1.56 [1.02-2.39]), whereas low-volume physicians (<4 OSRs for ruptured AAA) had higher odds of major complications (1.58 [1.04-2.41]). In the case of EVAR for rupture, there were no characteristics of the hospital or surgeon significantly associated with poorer outcomes (Fig 2) . For both intact and ruptured AAAs, 1-year outcomes are included in Supplementary Figs 1 and 2 (online only).
DISCUSSION
After AAA repair, patient factors have the most significant impact on outcome. The relative importance of the surgeon's and hospital's experience varies by disease severity (intact vs ruptured aneurysms) and treatment modality (endovascular vs open). The relatively higher mortality observed when intact EVAR was performed by early-career surgeons was the only scenario in which the surgeon's career stage was independently associated with outcome. The facility's experience proved a significant predictor of outcome in the setting of the lowest risk (elective EVAR) and highest risk (OSR for ruptured AAA) clinical scenarios; in these very different circumstances, the hospital's experience proved a more important predictor of outcome than the surgeon's experience.
During the last 25 years, a substantial body of literature has assessed the impact of the surgeon's and hospital's volume on outcomes of vascular procedures. [5] [6] [7] [8] As a general rule, multiple studies across disciplines and procedures have informed the "commonsense" conclusion that higher experience of the provider and facility is associated with B 30 day mortality after OSR for intact AAA repair improved outcomes. Because of the understandable interest from the media, stakeholders, and patients, the findings may have an impact on referral patterns, regionalization of care, and potentially credentialing and reimbursement. To date, the most substantial research has focused specifically on the hospital's volume-outcome relationship for elective, open AAA repair. 2, [11] [12] [13] With the proliferation of endovascular technology, additional research has indicated that improved survival in AAA repair, in general, at highvolume facilities may be the result of higher use of EVAR at these facilities.
14 However, as suggested by McPhee et al, 15 prior studies that fail to distinguish between dramatically different treatment modalities (ie, EVAR vs OSR) or to account for the interplay of characteristics between the surgeon and the facility do little to elucidate the true nature of volume-outcome relationships in everyday practice.
This shortcoming of earlier research may be magnified by the introduction and unprecedented adoption of EVAR during the era in which data for these studies were collected. Our study substantially advances the evidence related to the impact of the surgeon's and hospital's experience on the outcomes of AAA repair. To facilitate specific evaluations that account for severity of presentation (intact or ruptured) and selected treatment modality (open vs endovascular), discrete analyses were performed for the four resulting combinations of presentation and treatment modality. In each case, we assessed the impact of the hospital's volume as well as the surgeon's volume on outcomes. In addition, in a novel attempt to assess the impact of aggregate experience of the providers on outcomes, all multivariate models included evaluation of the surgeon's years in practice by linking administrative data from the SPARCS database to the New York State Office of Professions and National Provider Identification database.
In general, our findings indicate a relationship between increasing experience and favorable outcomes, although the relative importance of the surgeon's and hospital's experience appears to vary on the basis of the acuity of presentation and the treatment modality.
For patients undergoing elective AAA repair through an open surgical approach, low-volume surgeonsdthose performing fewer than four OSRs in the preceding yeard had inferior outcomes. Interestingly, this effect of the surgeon's experience was significant, in contrast to the facility's volume, which was not significantly associated with outcomes after controlling for the surgeon's experience. In contrast, the impact of the facility's volume was more significant after elective EVAR, with superior outcomes observed at the highest volume facilities. These differences may be attributable to the importance of hospital infrastructure that facilitates better outcomes with a minimally invasive approach, as opposed to OSR, in which outcomes may be more directly attributable to the surgeon's experience and ability to address intraoperative events. It may also simply reflect referral bias. It is also noteworthy that the number of years since a surgeon's graduation from medical school was independently associated with outcome; early-career surgeons had worse outcomes than mid-career or highly seasoned surgeons, despite more experience with EVAR in training. Presumably, hospital credentialing mandates ensure that a vascular surgeon performing EVAR as the primary operator possess sufficient facility with the technique. Overall, of course, the early outcomes of EVAR are superior to those of OSR, as has been demonstrated in multiple prior studies.
For patients with ruptured aneurysms, hospital volume was also an important predictor of 30-day outcomes after OSR. We attribute this to the importance of an established infrastructure for critical care at high-volume centers. Although outcomes of emergent EVAR were not significantly associated with characteristics of the surgeon or hospital, perioperative survival was superior to OSR, as has been shown in multiple prior studies. Limitations of this study include the typical shortcomings associated with retrospective reviews conducted using administrative data. Specifically, the data lack adequate granularity to assess technical factors known to have an impact on outcome, including the complexity of repair (eg, clamp level or, in the case of endovascular repair, the use of fenestrations, chimney, or snorkel stents). Furthermore, our efforts to define "experience" at the surgeon and hospital level are essentially approximations. As has been shown in the literature pertaining to surgical training, expertise with a specific procedure cannot be determined, in a linear fashion, with increasing volume of that procedure in isolation. In the case of EVAR, for example, it has been suggested that a strong skill set in peripheral endovascular procedures may be a prerequisite to achieving facility in EVAR. In addition, our attempt to assess experience does not account for that gained in training. Furthermore, during the period studied, there was a dramatic shift in the approach to AAA repair, with EVAR rapidly emerging as the preferred treatment modality for the overwhelming majority of patients with infrarenal AAA. In an effort to account for this paradigm shift, we assessed case volume in the prior year as well as overall experience of the surgeon in years. However, it is impossible to directly assess the importance of prior experience with either technique. discussion is the potential impact of referral bias. Although it is presumed that increasing experience leads to better outcomes, the converse is also likely true: providers (and hospitals) with superior outcomes may benefit from increased referrals. Despite these limitations, we do believe this study makes an important contribution to the literature. Whereas multiple prior studies have demonstrated the positive relationship between experience and favorable outcomes, this study reveals variation in the relative importance of the hospital's and surgeon's experience in AAA repair according to the clinical situation and method of repair. Hospital volume appears to be a driving force in acquisition of superior outcomes after elective EVAR and in the case of OSR for ruptured AAA, as opposed to OSR for elective AAA, in which the surgeon's experience plays a more pivotal role. Ultimately, these findings underscore the importance of continued exploration of the volume-outcome relationships in health care as nuanced differences in the type of experience that affects outcomes appear to exist.
CONCLUSIONS
Patient-level factors, such as comorbidities, make the most substantial contribution to the outcome of OSR and EVAR for ruptured and intact AAAs. For intact AAAs, the surgeon's volume was an important factor for OSR outcomes, whereas low facility volume was associated with worse outcomes after EVAR. For ruptured AAAs, low-volume surgeons and low-volume facilities had worse outcomes after OSR but not after EVAR. The interaction between the surgeon's volume and the hospital's volume is complex and varies on the basis of the acuity of presentation and treatment modality. Supplementary Fig 1 (online only) . The 1-year mortality after intact abdominal aortic aneurysm (AAA) repair. A, The 1-year mortality after endovascular aneurysm repair (EVAR) for intact AAA. B, The 1-year mortality after open surgical repair (OSR) for intact AAA. CI, Confidence interval.
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